The corn cobs for this work were sourced from farmland after threshing of maize and were prepared for chemical treatment. Both treated and untreated corn cobs were then pulverized and sieved to obtain 150 and 300 µm particle sizes respectively. The composites were developed by dispersing the particulates in unsaturated polyester resin followed by proper stirring and then poured into the mould. The developed composites were allowed to cure before they are stripped from the mould and allowed to further cured for 30 days after which mechanical and biodegradability tests were carried out on the samples. It was observed from the results that both treated and untreated particulate corn cobs improved the mechanical and biodegradability properties of the developed composites while 150 µm was the most suitable particle size for flexural properties and 300 µm was the most suitable for biodegradability property.
Introduction
Bio-derived or natural fibre reinforced composite material usage in recent time has grown steadily as researchers and material engineers are industriously looking for how to exploits this vast advantages in material design. Natural fibres are viewed as alternatives in production of fiber reinforced polymer composite because of their; low cost, bio-degradability, non-abrasiveness, fairly good mechanical properties and high specific strength.
Composites are fast becoming the most exploited class of available engineering materials by manufacturers and engineers; this is owing to their excellent physical and mechanical properties namely light weight, corrosion resistance, high strength to weight ratio and many more. Over the years bio-derived or natural fibre reinforced composite materials in consumer products has grown steadily, especially in the last five years (Marston, 2008) .
The use of corn cob as reinforcement in polyester is the focus of this research work. Corn cob from corn plant with botanical name Zea Mays is the core of corn ear: the hard core on ear of corn on which kernel grows. Corncobs are important source of furfural, a liquid used in manufacturing nylon fibers and phenol-formaldehyde plastics, refining wood resin, making lubricating oils from petroleum, and purifying butadiene in the production of synthetic rubber (Obasi, 2012) .
Composite Materials are substances that are made up of combination of two or more different materials. A composite material can provide superior and unique mechanical and physical properties because it combines the most desirable properties of its constituents while suppressing their least desirable properties. Humans have been using composite materials for thousands of years. Take mud bricks for example. A cake of dried mud is easy to break by bending, which puts a tension force on one edge, but makes a good strong wall, where all the forces are compressive. A piece of straw, on the other hand, has a lot of strength when you try to stretch it but almost none when you crumple it up. But when pieces of straw are embed in a block of mud and let it dry hard, the resulting mud brick resists both squeezing and tearing and makes an excellent building material (Jones, 1999) . Put more technically, it has improved both compressive strength and tensile strength.
Composite materials are composed of a two or more chemically distinct phase separated by a distinct interface, matrix phase is reinforced with any of a variety of fibrous or particulates made from ceramics, metals, or polymers (Callister, 2007) . The reinforcing fibers are the primary load carriers of the material, with the matrix component transferring the load from fiber to fiber. Reinforcement of the matrix material may be achieved in a variety of ways Reinforcement may also be in the form of particles. The matrix material is usually one of the many available engineering plastics/polymers. Selection of the optimal reinforcement form and material is dependent on the property requirements of the finished part (Jones, 1999) . Properties of composites are therefore strongly dependent on the properties of their constituent materials, their distributions, and the interaction among them (Callister, 2007) . To obtain desirable properties in a composite, the applied load should be effectively transferred from the matrix to the fibres via the interface (Kakani, 2007) . This means that the interface must be large and exhibit strong adhesion between fibres and matrix.
Corn cobs are products of threshing, processing or domestic consumption of corn plant, it is hard core of ear of corn on which kennel grows. Corn cobs are often regarded as waste materials since they are not edible hence they are found littering the environment especially during the raining season. Most blocked drains are as a result of careless disposal of waste of which corn cob is inclusive. Corn plant is one of Nigeria's most plentiful agricultural products as Nigeria ranks 10 th among countries in the cultivation of corn producing 8.7 million tonnes in the year 2011 (USDA, 2011) , and its cultivation is not limited to Nigeria alone as it is widely grown across the globe, so the use of its waste product will be economical, self-sustaining and environmentally friendly.
In this research work, corn cob particulate reinforced polyester composite was developed in which polyester resin served as the matrix phase while corn cob served as the reinforcement. Careful study of the effects of size distribution and chemical treatment on the composites, which is to be used for structural applications such as furniture accessories, partitioning boards and so on was carried out.
Materials and Method

Materials
The materials used are; Corn cob, Polyester resin, Poly Vinyl Acetate, Acetone, Water, Sodium hydroxide, Methyl Ethyl Ketone Peroxide. Figure 1 show a typical corn cob while Table 1 show the constituents. 
Processing of corn cob
Corn cob was gathered from the farm plantation after threshing the maize. This was followed by sorting to remove inclusions such as plastic bag fragments, woods, sands, stalk of other plants, dust and so on. All these contaminants were removed to allow for homogenous composition and ease of processing.
Size reduction
The sizes of corn cobs are usually too big to fit into the grinding machine, so the need for size reduction prior to chemical treatment and pulverization. No machine was used to carry out this operation rather it was done by hand using mortal and pistol to reduce the sizes of the corn cobs.
Alkaline treatment
Part of the sun dried corn cob was measured out and treated with 1 molar solution of NaOH. The mixture was put inside the shaker water bath maintained at 50 O C for 4 hours. The treated corn cob was washed with tap water and finally with distilled water to obtain neutral status. This was done to remove some deleterious constituents like hemicelluloses and lignin thereby increasing the adhesive nature of the corn cob particles by promoting bonding. The chemical treatment can also help to preserve the corn cob particle from fungi attack. The treated corn cob and the untreated corn cob were both dried in air for 7 days. The dried samples were then taken to the mill where they were pulverized into particulates. Sieve analysis was carried out on the pulverized corn cobs both the chemically treated and the untreated to determine it various particle sizes respectively. From the sieve sizes, 150 and 300 µm were selected and used as shown in Figures 2-3.
Grinding
The difference in their physical appearance is very obvious, chemically treated particles appear to be more colored unlike the untreated particles that have a brighter appearance.
Polyester preparation
To prepare the polyester for each composite sample the resin to be used was weighed and 1% of its weight was added as composition of catalyst and accelerator respectively. This allowed for the curing of the resin.
Composites development process
The various components of the composite materials namely; corn cob particulate, polyester resin, accelerator and catalyst were mixed in specific proportions before poured into the mould. The formulation was as shown in Table 2 . The mixing proportions in Table 2 were used for the development of corn cob reinforced polyester composites from treated and untreated 150 and 300 µm particle sizes respectively. The Table shows the proportions in terms of percentages that were used and their equivalents in grams. Corn cob particle reinforced polyester composites were developed at room temperature, after the corn cob particles were mixed appropriately with the polyester resin such that wetting and saturation of the reinforcements by polyester resin occurs through homogenous mix. The mixture was pour into open moulds and allowed to cure before they were removed from the moulds. The materials were allowed to further cure for 27 days before carrying out the test. The two moulds that were used for the production have been machined to tensile and flexural specifications respectively. Three specimens each for flexural and tensile were produced from each mixture with the curing time being monitored during the production.
Property tests
The produced polyester composites with different particle size distribution from chemically treated and untreated corn cobs were made to undergo different tests which include tensile, flexural and biodegradability tests. Tensile and flexural tests were carried out to determine the mechanical properties of the products while soil burial test was done to determine the biodegradability properties. The property tests results are useful in specifying or predicting the type of applications that the composite materials might be used for.
Determination of the tensile properties of the materials
In carrying out the tensile test, dumbbell shape composites were used. Tensile tests were performed on Testometric Universal Testing Machine at a fixed Crosshead speed of 10 mm min -1 . Samples were prepared according to ASTM D412 (ASTM, 1983) and tensile strength of the materials were determined. As the specimen is stretched, the computer generates the required data and graphs.
Determination of the flexural property of the materials
Flexural test was carried out by using Testometric Universal Testing Machine in accordance with ASTM D790 (ASTM, 2007) . To carry out the test, the grip for the test was fixed on the machine and the sample that has been cut into the test piece dimension of 150 mm x 50 mm x 3 mm, was hooked on the grip and the test commenced. As the specimen is stretched, the computer generates the required data and graphs. The Flexural Test was performed at the speed of 100 mm/min.
Biodegradability test
To determine the biodegradability of the composite materials, each of the composite was weighed and then buried in the soil at a depth of about 10 cm. The materials were left for thirty days in the soil after which they were exhumed, cleansed and then weighed. The percentage weight difference was used to determine the biodegradability as follows;
(1) Figure 4 shows the flexural strength at peak for the developed composites and the neat that was referred to as control. The composites were developed from both treated (T) and untreated (U) corn cobs as well as from two different particle sizes (150 and 300 µm ). This was with the aim to investigate the influence of these variables on the ensuing properties from the developed composites.
Result and Discussion
Flexural test result
From the results, it was observed that composite developed with 4 wt% reinforcement from treated corn cob of 150 µm particulate size gave the best result with a value of 57.69 N/mm 2 . This was closely followed by 2 wt% reinforcement from untreated corn cob of 150 µm particulate size with a value of 55.98 N/mm 2 . The neat was with a value of 31.82 N/mm 2 which translated to about 81 % enhancement of the flexural strength at peak. This was made possible because the corn cob has been discovered to be important source of furfural, a liquid used in manufacturing nylon fibers and phenol-formaldehyde plastics (Obasi, 2012) . The best results were achieved by the addition low amount of both treated and untreated corn cob. The best output was accomplished at these low weight percentages because there was proper wetting and distribution of the particles within the polyester. Figure 5 shows the flexural modulus of the different samples. It was observed from the results that composites that were developed with 2 wt% reinforcement from untreated corn cob of 150 and 300 µm particulate sizes gave the best results with values 11392.00 and 11245.00 N/mm 2 respectively. However, it was also noticed that 4 wt% reinforcement from treated corn cob of 150 µm particulate size with a value of 9173.00 N/mm 2 exhibited the best outcome among the treated corn cob reinforced samples. This further confirms the excellent performance of the material under flexural strength at peak result analysis. The neat was with a value of 3010.40 N/mm 2 which translated to about 278 % enhancement of the flexural modulus. The results have shown that the Science and Technology (2015) Vol. 4 No. 3 pp. 125-136 132 addition of both treated and untreated corn cobs to polyester can aid the enhancement of the flexural properties of the developed composites particularly at low weight percentages between 2-4 wt%. This was true because all the samples with the best outcome fall within this range.
Tensile test result
The results of the variation of tensile strength at peak for the various samples were as shown in Figure 6 . The results show that composites that were developed with 2 wt% reinforcement from treated corn cob of 300 and 150 µm particulate sizes gave the best results with values 11.02 and 10.69 N/mm 2 respectively. This implies 113 % enhancement compared to the neat polyester with a value of 5.18 N/mm 2 . Reinforcement of polyester with both treated and untreated corn cobs improved the tensile strength peak property. This was observed from the results because after 2 wt% reinforcement, the strength increases as the fibre content increases from 4-8 wt% before experiencing a decrease at 10 wt%, though, the enhancement was from different variables. Figure 7 shows the results of the Young's modulus of elasticity for the developed composites and the neat material. Young modulus also known as modulus of elasticity (E) is a measure of the stiffness of the material. The modulus of elasticity applies specifically to the situation of a component being stretched with a tensile force. From the chart, it was observed that composite developed with 8 wt% reinforcement from untreated corn cob of 150 µm particulate size gave the best result with a value of 535.60 N/mm 2 followed by composites that were developed with 2 wt% reinforcement from treated corn cobs of 300 and 150 µm particulate sizes with values 390.55 and 372.49 N/mm 2 respectively. Considering the performance of these materials under tensile strength at peak, it was observed that the composites have good combination of tensile properties in an inverse order. The neat material possesses a Young's modulus value of 349.40 N/mm 2 which implies that the reinforcement brought about 53 % increments in the Young's modulus of elasticity for the polyester. 
Curing rate result
Curing rate is a parameter that can determine and influence the rate of production. The results of the curing time for the developed composites and the neat material was shown in Figure 8 . From the results, it was observed that as the fibre content of untreated 300 µm particle size increases, the curing time increases. Similar trend to this was observed for others but not as definite as the untreated 300 µm particle size reinforced composites. The results also revealed that fine particles aid fast curing than coarse particles as 150 µm gave low curing time than the 300 µm at all the fibre content additions utilized. These results show that higher amount of fibre content and higher particle sizes took longer time to cure.
At every fibre content additions, the treated corn cob possesses low curing time than their untreated reinforced composites counterparts. The longer the curing time the more the delay in production cycles. Therefore, low curing time will promote more production and, hence, from this research, chemically treated corn cob gave better results in this regards. From the results, composites that were developed with 2 wt% reinforcement from treated corn cobs of 150 and 300 µm particulate sizes with values 70 and 75 minutes gave the best curing time respectively compared to the neat material with a curing time of 98 minutes. Samples with 2 wt% fibre content that displayed the best curing rate also happened to be one of the samples with the best mechanical properties. Previous work by (Oladele, 2014) revealed that curing rate increases as the bagasse fibre content increases which implies that, curing rate for polyester material is improved by the addition of bagasse fibre thereby leading to increased production rate. These denote that the addition of these natural fibres to polyester material have a pronounced effects on the curing time as well as the rate of production. Figure 9 show the response of the materials to biodegradability test. It was observed from the results that the addition of these corn cobs whether in treated or untreated conditions encourage the biodegradability affinity of the materials compared to the neat material. It was discovered that in most cases except at 4 wt% fibre content, 300 µm particle sizes aid the biodegradability more than the 150 µm particles. Also, treated corn cob reinforced samples gave the best outcome except at 10 wt% fibre content. It therefore, follows that coarse particle size and chemical treatment of the corn cob are potential means of encouraging biodegradability affinity of the polyester composites. The best result was obtained from composite developed from 10 wt% reinforcement from untreated corn cob of 300 µm particle size with a value of 11.04 % followed by 8 wt% reinforcement from treated corn cob of 300 µm particle with a value of 8.85 %. There was no significant degradation from the neat material which means that the unsaturated polyester material used was not biodegradable. Biodegradable materials are highly needed in this present conventional world so as to control the environment adequately and prevent as much as possible environmental pollutions. 
Biodegradability test result
Conclusion
The quest to ensure that wastes are utilized effectively is the main thrust of the work. The work was carried out so as to add value to both corn cob that was seen as agro-waste and unsaturated polyester that was observed to have low strength and non-biodegradable. At the end of the research, it was deduced that;
(1). The use of corn cob in both treated and untreated conditions are potential means of enhancing the mechanical and biodegradability properties of unsaturated polyester. Likewise, their use in both fine; 150 µm particle size and coarse; 300 µm particle size form. These were ascertained from the results where these variables were seen to influence the properties of the developed composites. However, the flexural properties were highly enhanced by 150 µm particle sizes while both particle sizes used improved the tensile properties. This indicates that the flexural properties are very susceptible to particle sizes than the tensile properties.
(2). The curing time results showed that the presence of small amount of the corn cob in treated condition will aid fast curing and hence, high rate of production. This was confirmed by the performance of the composites developed with 2 wt % from treated corn cob of 150 and 300 µm particle sizes.
(3). The biodegradability results showed that coarse particle sizes enhanced the biodegradability affinity of the developed composites more than the fine particles and the addition of large amount of the corn cobs in both treated and untreated conditions but with the treated conditions more promising.
(4). Low weight fraction gave the best enhancement for the developed composites in most of the mechanical properties examined while high weight fraction enhanced biodegradation affinity. 
